FOCUS
A nterior cervical discectomy and fusion (ACDF) is one of the most commonly performed surgical procedures on the spine, typically used to alleviate or halt progression of myeloradiculopathy. 5, 9 However, ACDF inherently decreases motion between the 2 fused vertebral segments, which has led to the advent of nonfusion techniques such as cervical disc replacement (CDR). 7, 15 In the past decade, multiple studies have examined long-term outcomes 2, 5, and 7 years after ACDF and after CDR. 11-14, 16, 17, 19,20,23,31 These long-term analysis studies have found that CDR is generally associated with complication rates that are either similar to or lower than those with ACDF; such complications include postoperative pain, adjacent segmental degeneration, decreased segmental range of motion, and neurological degeneration. 11-14, 16, 17, 19,20,23,31 Furthermore, rates of reoperation within 24-60 months have been found to be higher in patients who undergo ACDF, but according to a 7-year follow-up study by Gornet et al., 13 this rate decreases as time progresses. 16, 17, 23 However, there are limited data on the short-term outcome of ACDF versus CDR, particularly in terms of early reoperation and readmission rates. Thus, the purpose of this study was to compare 30-day readmission and reoperation rates between patients who underwent single-level ACDF and those who underwent CDR.
Methods

Study Sample
For this study, we used the 2013-2014 American College of Surgeons National Surgical Quality Improvement Program (NSQIP) database; the study was deemed exempt from review by the local institutional review board. The NSQIP is a prospectively collected database that contains preoperative, intraoperative, and 30-day followup data on major surgical procedures from more than 300 hospitals in the United States (see https://www.facs.org/ quality-programs/acs-nsqip/about). A trained surgical clinical reviewer is responsible for data collection at each site, and patients are followed via mail, telephone calls, and medical chart reviews. 21, 29 According to Shiloach et al., 29 the NSQIP has a 95% success rate in recording outcomes and an interrater reliability of greater than 95%. 28 For this study, included were patients older than 18 years who underwent single-level ACDF (Current Procedural Terminology [CPT] code 22551) or CDR (CPT code 22856). Patients who were assigned a concurrent CPT code such as 22552 were excluded to limit the selection to single-level procedures. Indications for cervical fusion such as infection, tumor, and trauma were also excluded (n = 374). Last, revision procedures and combined anterior/ posterior approaches were excluded also (n = 942).
Collected Data
Collected data included patient age at surgery, sex, body mass index (BMI), comorbidities, American Society of Anesthesiologists (ASA) class, operative time, and occurrence of readmission or reoperation within 30 days. Readmissions were also subclassified as related or unrelated to the primary procedure.
Statistical Analysis
All analyses were performed in Stata SE 12 (StataCorp). Comparisons between groups were done using Student t-tests for continuous variables and the chi-square or Fisher exact test for frequencies. Multivariate logistic regression analysis was used to assess the independent effect of the procedure (ACDF or CDR) on outcome. This analysis controlled for patient age, sex, and comorbidities. Statistical significance was defined at a p value of < 0.05.
Results
Demographics
A total of 6077 patients met the inclusion criteria; 5590 (92.0%) patients underwent single-level ACDF, and 487 patients (8.0%) underwent CDR. Patient data were further stratified according to age, sex, comorbidities, ASA class, BMI, average operative time, and average length of stay (Table 1) . Patients in the ACDF group were significantly older than patients who underwent CDR (52 vs 45 years, respectively; p < 0.001). The highest percentages of patients who underwent ACDF or CDR were between the ages of 41 and 60 years (60.2% vs 56.5%, respectively) and were categorized at ASA Class II (59.0% vs 67.2%, 
30-Day Readmission Rates
Patients who underwent ACDF were more likely to be readmitted within 30 days than were patients who underwent CDR (2.6% vs 0.4%, respectively; p = 0.003) (Fig. 1) . When stratified according to age groups, patients between the ages of 41 and 60 years were also found to undergo readmission after ACDF significantly more often than after CDR (2.6% vs 0.7%, respectively; p = 0.028) (Fig. 2) . Causes of readmission and the numbers of patients readmitted are reported in Table 2 . The most common unique causes for readmission in the ACDF group were pneumonia, hematoma, and dysphagia; in the CDR group, 1 case of surgical site infection (SSI) and 1 case of neck swelling occurred.
30-Day Reoperation Rates
No significant difference in the rates of reoperation between patients who underwent ACDF and those who underwent CDR (1.2% and 0.4%, respectively; p = 0.086) was found (Fig. 1) . Causes of the reoperations are listed in Table 3 . Reoperation rates after ACDF and CDR stratified according to age group were 0.2% and 0.6% for patients aged 21-40 years (p = 0.434), 1.0% and 0.4% for patients aged 41-60 years (p = 0.231), 2.0% and 0.0% for patients aged 61-75 years (p = 0.587), and 2.7% and 0.0% for patients older than 75 years (p = 0.947), respectively.
Multivariate Analysis
After 
Discussion
ACDF and CDR are 2 methods of treating symptomatic cervical spondylosis or disc herniation after failure of nonoperative treatment or when there is progressive neurological deficit. ACDF is currently performed much more commonly than CDR, because it has become the gold standard of treatment. 1, 3, 5, 6, 10, 24 In the past decade, a growing interest in CDR as an alternative to ACDF in multiple long-term studies has revealed outcomes that are similar to or slightly better than those for ACDF. [11] [12] [13] [14] 16, 17, 19, 20, 23, 25, 31 However, there are limited data regarding 30-day readmission and reoperation rates among those who have undergone 1 of these 2 procedures; the main objective of this investigation was to obtain such data. In this study, we found that patients who underwent ACDF were more likely to be readmitted within 30 days than were patients who underwent CDR. When stratified according to age, only patients between the ages of 41 and 60 years were found to be readmitted significantly more for complications related to ACDF than for those related to CDR. We also found no significant difference in the reoperation rates between patients who underwent ACDF and those who underwent CDR.
The results of this study add a novel perspective to the results of various comparative studies between ACDF and CDR regarding 30-day outcomes. Our study revealed a higher 30-day readmission rate after ACDF, especially in 41-to 60-year-old patients. Furthermore, we found no difference between CDR and ACDF 30-day reoperation rates, similar to 2 previously published studies by Heller et al. 14 and Murrey et al.; 23 these 2 studies found no differences in reoperation rates at 12 and 24 months or at 6 weeks and 3, 6, 9, 12, and 18 months, respectively. In addition, Murrey et al. found that reoperation rates after ACDF were higher than those after CDR at 24 months. Therefore, our results support the notion that longer postoperation time is necessary to find significant differences between related reoperation rates after ACDF and those after CDR. The time period necessary to find significant differences between these reoperation rates might be at least 24 months. 26 Our study found that the most common causes of readmission related to the index ACDF or CDR procedure are classified under the "other" category (Table 2 ). This category encompasses any complications that are related to the index surgery but are neither related to the surgical site nor specified in the NSQIP database as variables. Similarly, from their study, Samuel et al. 26 concluded that the most common cause of readmission after ACDF was non-surgical site-related issues. Furthermore, Samuel et al. 26 and Ban et al. 2 stated that pneumonia, dysphagia, and hemorrhage/hematoma are prominent causes of readmission after ACDF, which correlates to the results of our study; we found these conditions to be the next-largest causes of readmission after single-level ACDF (Table 2) . Organ-space SSI and a swelling, mass, or lump in the neck were found in equal numbers to be the cause of readmission after single-level CDR (Table 2 ). This result is in contrast to the findings of De la Garza-Ramos et al., 8 who found no cases of SSI after CDR between the years 2006 and 2012. Overall, few data regarding causes of readmission that result from CDR exist.
There were multiple different causes of readmission in the ACDF group, including pneumonia, SSI, hematoma, dysphagia, vocal cord paralysis, and esophageal perforation, among others. The fact that these events were not found in the CDR group was interesting and also surprising; it might be a result of the lower number of observations in the CDR group, but it also might be related to the fact that patients in the ACDF group were, on average, older and sicker. Although we attempted to control for these factors with multivariate analysis, other unmeasured covariates, such as cervical spine alignment/deformity, degree of stenosis, presence or absence of ossified ligament, and others, might have contributed to the increased risk of readmission, including higher rates of admission for dysphagia and hematoma. However, patients with a history of COPD or hypertension and those at ASA Class IV were at higher risk of readmission, which supports the hypothesis of a sicker population and has also been found in previous investigations. 18, 30 Future research specifically into shortterm outcomes of ACDF and CDR might further corroborate or challenge these findings.
Another potential causative factor for our findings could relate to the differences in operative techniques for the ACDFs and CDRs. Although the surgical approach is generally the same (traditional Smith-Robinson approach), and hence unlikely to be responsible for the observed differences, 2 specific differing operative steps might play prominent roles. First, the placement of the graft in CDR requires fine endplate preparation (to ensure proper alignment of the prosthesis) and appropriate device sizing. This step is not fundamentally different in the two surgeries, but for CDR, the neck position is usually neutral, whereas for ACDF, more extension can be tolerated and is used routinely to improve access. 22 We have noticed that a number of patients who undergo extension during ACDF complain of postoperative muscle spasms that generally subside within 6-8 weeks. Second, the instrumentation techniques used in ACDF need to be considered; the use of plates in ACDF has been linked to the development of dysphagia, 27 which was the cause of readmission for several patients who underwent this procedure in our study. Furthermore, it has been hypothesized that the decrease in motion caused by ACDF can lead to the formation of more scar tissue than that caused by CDR and also can potentially contribute to swallowing difficulty. 27 In line with this hypothesis, it has been suggested that dysphagia increases the risk of aspiration and pneumonia. 4 Nonetheless, the higher morbidity rate after ACDF is most likely multifactorial and cannot be attributable to the subtle differences in the respective procedures alone.
One of the limitations of this study is that it provides Level 3 evidence. Therefore, the retrospective and nonblinded nature of this evidence can lead to recall or selection biases, which can skew the collected data. Furthermore, because data identification and acquisition in the NSQIP are done through codes, there is a risk of coding or information bias, regardless of the quality-control measures that the NSQIP tries to maintain. Last, the NSQIP is a database that is not specific for patients undergoing spine surgery, which limited our ability to procure any in-depth information about the specific patients and procedures we were studying. Nevertheless, the NSQIP is a widely used database with high accuracy and reproducibility. 28 
Conclusions
ACDF is a procedure performed more commonly than CDR in patients with symptomatic cervical spondylosis. Although no significant difference in 30-day reoperation rates was found, patients who underwent single-level ACDF were found, in general, to be older, sicker, and readmitted significantly more often for related complications than the patients who underwent single-level CDR. Furthermore, only patients between the ages of 41 and 60 years were found to have a rate of readmission attributable to related complications from single-level ACDF that was significantly higher than that for single-level CDR. Values represent the number of patients.
